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TECHNICAL MEMORANDUM 

I .  INTRODUCTION 

I n  a p rev ious  work'') w e  p r e s e n t e d  t h e  g o a l s  of a 
space  f a c i l i t y  i n t ended  t o  s tudy  t h e  primary cosmic ray  f l u x  
and t o  perform a number of s i g n i f i c a n t  exper iments  i n  t h e  f i e l d  
of h igh  energy phys ic s .  

W e  d i s c u s s e d  t h e  va r ious  means by which these g o a l s  
cou ld  be r e a l i z e d ,  and desc r ibed  a p a r t i c u l a r  concep tua l  d e s i g n ,  
one t h a t  has  a s  i t s  c e n t r a l  component a l a r g e  superconduct ing  
magnet. 

I n  t h i s  paper  w e  review t h e  r easons  why it i s  
necessa ry  t o  perform t h i s  program i n  space ,  t h e  expec ted  role 
of man and t h e  requi rements  t h a t  l e a d  t o  t h e  cho ice  of a des ign  
based on t h e  use  or' a magnet ic  spectrometer. W e  also present 
some new approaches i n  t h e  des ign  of t h e  hardware f o r  t h e  
proposed f a c i l i t y ,  b r i e f l y  review some concur ren t  r e l e v a n t  
work and p r e s e n t  some problems t h a t  need f u r t h e r  s tudy .  

11. REASONS FOR A SPACE FACILITY AND THE ROLE O F  MAN 

T o  de te rmine  t h e  energy and charge  s p e c t r a ,  n u c l e a r  
composi t ion ,  and d i r e c t i o n a l i t y  of t h e  pr imary cosmic r a y  f l u x  
unambiguously, t h e  measurements of i n t e r e s t  have t o  be carried 
o u t  above t h e  i n t e r f e r i n g  e f f e c t s  of t h e  atmosphere.  The 
r e a s o n s  f o r  t h i s  fo l low:  

1. Since  t h e  dynamics of p a r t i c l e  i n t e r a c t i o n s  are  
n o t  known a t  t h e  very  h igh  e n e r g i e s  of i n t e r e s t ,  t h e  e f f e c t s  
of t h e  atmosphere cannot  be accounted f o r  i n  an unambiguous 
way. 
measure s i n c e  w e  do know t h a t  n u c l e i  breakup s h o r t l y  a f t e r  
p e n e t r a t i n g  i n t o  t h e  atmosphere. 

The n u c l e a r  and charge  s p e c t r a  are p a r t i c u l a r l y  hard  t o  
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2 .  The s e a r c h  f o r  a n t i m a t t e r  becomes extremely 
d i f f i c u l t  w i t h  even sma l l  amounts of  a tmospher ic  s h i e l d i n g ,  
s i n c e  bo th  breakup phenomena and h igh  nucleon a n n i h i l a t i o n  
c r o s s - s e c t i o n s  comspire t o  qu ick ly  abso rb  whatever a n t i -  
nucleons may be p r e s e n t  i n  t he  pr imary f l u x .  

3 .  The l a r g e  in s t rumen t s  necessa ry  t o  measure t h e  
i n t e r e s t i n g  parameters  of t h e  h igh  energy  f l u x  and i t s  i n t e r -  
a c t i o n s  i n  matter,  t o g e t h e r  w i t h  the  i n c r e a s i n g  s c a r c i t y  of 
p a r t i c l e s  as t h e i r  energy i n c r e a s e s ,  creates a need f o r  
heavy, long l i f e t i m e  i n s t a l l a t i o n s .  These f a c t o r s ,  coupled 
w i t h  t h e  need t o  perform t h e  measurements above t h e  atmosphere,  
makes sa te l l i t es  t h e  n a t u r a l  conveyance f o r  such an  i n s t a l l a t i o n .  

S ince  long l i fe t imes  are e s s e n t i a l ,  it i s  assumed 
t h a t  manned maintenance f o r  t h e  f a c i l i t y  w i l l  be a v a i l a b l e .  
T h i s  w i l l  a l s o  provide  t h e  v e r s a t i l i t y  necessa ry  f o r  t h e  
changing of exper imenta l  programs by r e a r r a n g i n g  t h e  hardware,  
and t h e  a b i l i t y  t o  u p r a t e  s e l e c t e d  p i e c e s  of hardware. ( W e  
e x p e c t  t h a t  on ly  p e r i o d i c  manned v i s i t s  t o  t h i s  f a c i l i t y  w i l l  
be n e c e s s a r y . )  

111. THE APPROACH 

I n  Reference 1 w e  proposed t h a t  a l a r g e  superconduct ing  
magnet be used a s  t h e  c e n t r a l  e lement  of t h e  f a c i l i t y . *  (F ig .  1) 

t rack l o c a t i o n  chambers w i t h  d i g i t i z e d  r e a d o u t .  Other  hardware 
w i l l  i n c l u d e  cha rge  de t ec t ion  modules, p l a s t i c  s c i n t i l l a t o r s  
f o r  t r i g g e r i n g  purposes ,  and a l a r g e  l i q u i d  hydrogen t a r g e t .  

Surrounding t h e  magnet there a r e  l a r g e  (1 x l m 2  and 2 x 2m 2 ) 

The choices for  t h i s  arrangement  w e r e  d i c t a t e d  by 

(1) V e r s a t i l i t y :  t o  be able  t o  change t h e  e x p e r i -  

imposing v a r i o u s  requi rements  on t h e  performance of t h e  f a c i l i t y :  

menta l  program o v e r  a wide range of r equ i r emen t s ,  and t o  
u p r a t e  t h e  hardware as t h i s  becomes d e s i r a b l e .  

( 2 )  Dynamic Range: it i s  impor t an t  t o  measure t h e  
energy  of  i n d i v i d u a l  p a r t i c l e s  produced i n  a r e a c t i o n .  These 
measurements have t o  be performed ove r  a w i d e  range  of e n e r g i e s .  

* As e a r l y  a s  1 9 6 5 ,  it was recognized  t h a t  t o  o b t a i n  meaning- 
f u l  r e s u l t s , a r t i f i c i a l  ear th  s a t e l l i t e s  would need t o  depend on 
magnetic s p e c t r o m e t e r s  f o r  cosmic r a y  measurements. A t  t h a t  t i m e  
V. L. Ginzburg mentions ( 2 )  a 30-50 Kgauss, 1 - 2 m  d i ame te r  supe r -  
conduct ing  magnet as a n  i d e a l  ( s i c )  element  f o r  t h i s  work. 
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( 3 )  T r i g g e r a b i l i t y :  t h a t  i s ,  t h e  a b i l i t y  t o  a c t i v a t e  
( o r  t r i g g e r )  t h e  hardware o n  e v e n t s  of p r e s e l e c t e d  p r o p e r t i e s .  

( 4 )  The a b i l i t y  t o  measure t h e  s i g n  of t h e  cha rge  
of incoming p a r t i c l e s ,  t h u s  a l lowing  a n  unambiguous s e a r c h  f o r  
a n t i m a t t e r .  

( 5 )  Low mass of t h e  hardware i n  t h e  p a t h  of t h e  beam, 
so t h a t  n u c l e i - n u c l e i  i n t e r a c t i o n s  can  be  s t u d i e d .  

( 6 )  Large Geometry Factor: one of t h e  m o s t  t roublesome 
f a c t o r s  i n  t h e  s tudy  of h igh  energy i n t e r a c t i o n s  u s i n g  cosmic 
r a y s  i s  t h e  one posed by t h e  dwindl ing supply  of p a r t i c l e s  a s  
t h e  energy i n c r e a s e s .  Thus, acceptance  i s  a major c o n s i d e r a t i o n  
when des ign ing  t h e  f a c i l i t y .  

The q u e s t i o n  of s t a t i s t i c s  a t  h igh  e n e r g i e s  i s  so 
impor t an t  t h a t  i t  a c t u a l l y  overshadows t h e  one of energy 
r e s o l u t i o n ,  s i n c e  t h e  scarcity of p a r t i c l e s  a t  t h e  h i g h e s t  
e n e r g i e s  w i l l  r e q u i r e  t h e  d a t a  t o  be i n t e g r a t e d  ove r  a l a r g e  
energy  range  t o  o b t a i n  meaningful i n fo rma t ion .  

( 7 )  F i n a l l y ,  a p o i n t  t h a t  was touched b r i e f l y  i n  
Reference 1. 
t h i s  l e a d s  us  t o  b e l i e v e  t h a t  t h e  dynamics of i n t e r a c t i o n s  change 
as t h e  energy i n c r e a s e s ,  t h e  change be ing  such t h a t  i t  would 
i n v a l i d a t e  energy measurements performed w i t h  t h e  u s e  of a b s o r b e r s ,  
such a s  calorimeters or T o t a l  Absorp t ion  Nuclear Cascade 
c r y s t a l s  ( 3 ) .  
on t h e  spectrum of t h e  primary cosmic r a y  f l u x ,  a s  on c r o s s  
s e c t i o n s ,  w i l l  be a v a i l a b l e  from measurements w i t h  such d e v i c e s .  
W e  e x p e c t  t o  a d d r e s s  ou r se lves  t o  t h i s  problem i n  a l a t e r  
communication. 

Work t h a t  we are c a r r y i n g  o u t  c o n c u r r e n t l y  w i t h  

Were t h i s  t o  be t h e  case, no unambiguous r e s u l t s  

I V .  NEW APPROACHES TOWARD M A X I M I Z I N G  THE USEFULNESS 
OF THE MAGNETIC SPECTROMETER 

The momentum cut-off  f o r  t h e  proposed f a c i l i t y  w i l l  
be  l i n e a r l y  dependent  on t h e  s t r e n g t h  of t h e  magnetic f i e l d  and 
t h e  accuracy  of l o c a t i o n  of p a r t i c l e  p a t h s  provided by t h e  t r a c k  
chambers. 
The momentum r e s o l u t i o n  depends on t h e  same parameters .  

(For c o n s t a n t  dimensions o f  t h e  hardware and geometry) .  

Thus, it w a s  p rev ious ly  emphasized t h a t  t h e  t w o  m o s t  
f r u i t f u l  f i e l d s  of r e s e a r c h  f o r  t h i s  p r o j e c t  w i l l  be i n  t h e  
a r e a  of s u p e r c o n d u c t i v i t y  and of p a r t i c l e  l o c a t i o n  hardware. 
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W e  proposed t h a t  a s imple  l l loopl l  magnet of t h e  t y p e  
p r e s e n t l y  used by t h e  HAPPE p r o j e c t  (headed by D r .  Lu i s  A lva rez )  
be  used. I n  t h i s  coun t ry ,  the  concept  of u s i n g  a loop  o r i g i n a t e d  
w i t h i n  t h e  HAPPE p r o j e c t ,  and i s  q u i t e  a t t r a c t i v e  i n  t h a t  it 
e l i m i n a t e s  t h e  massive s t r u c t u r e s  necessa ry  t o  suppor t  c o n f i g u r a t i o n s  
such a s  Helmholz C o i l s .  High speed computers c a n  e a s i l y  handle  
t h e  momentum a n a l y s i s  through t h e  l o o p ' s  non-uniform magnetic 
f i e l d .  

I t  i s  expec ted  t h a t  when t h e  money becomes a v a i l a b l e  
a 2-m d i ame te r  magnet w i t h  a c e n t r a l  f i e l d  of about  7 0  Kgauss 
w i l l  become a v a i l a b l e .  W e  urge t h a t  suppor t  be  cont inued  i n  
t h i s  a r e a  of r e s e a r c h  so t h a t  a s  soon as f e a s i b l e  t h e  o p e r a t i o n  
of a p r o t o t y p e  magnet can  be t e s t e d  i n  space .  Th i s  s t e p  has  
a l r e a d y  been undertaken ( s u c c e s s f u l l y )  by worke r s  i n  t h e  
Soviet Union. ( 4  1 

W e  p r e s e n t  h e r e  two new l i n e s  of r e s e a r c h  toward 
a t t a i n i n g  s i g n i f i c a n t  improvements i n  t r a c k  l o c a t i o n  by au tomat ic  
r e a d o u t  d e v i c e s .  The f i r s t  i nvo lves  a s t r a i g h t - f o r w a r d  e x t e n s i o n  
o f  p r e s e n t  t echn iques ,  w h i l e  t h e  second i n v o l v e s  t h e  development 
of a new technology.  The p o s s i b i l i t i e s  and pay-of fs  involved  
i n  each are  d i s c u s s e d  below: 

(1) Improving t h e  s p a t i a l  r e s o l u t i o n  of spark  
chambers wi thou t  i n t r o d u c i n g  major des ign  changes.* 

I n  spa rk  chambers, t h e  t h r e e  dominant s o u r c e s  of 
e r ror  i n  p a t h  l o c a t i o n  are  due t o  

(a )  electron d i f f u s i o n  away from t h e  t r a c k :  
The c o r r e l a t i o n  between t h e  measured and 
a c t u a l  l o c a t i o n s  of t h e  t r a c k  can  be roughly  
e s t i m a t e d  by assuming t h a t  i n  t h e  i n t e r v a l  
between t h e  t i m e  when a p a r t i c l e  has  tra- 
ve r sed  t h e  s p a r k  chamber, and t h e  t i m e  a t  
which a spa rk ing  v o l t a g e  i s  a p p l i e d ,  t h e  
electrons t h a t  i n i t i a t e  t h e  g a s  d i s c h a r g e  
d i f f u s e  with speeds  c h a r a c t e r i s t i c  of a tomic 
speeds  i n  t h e  g a s ;  

* This  approach h a s  been g e n e r a t e d  by t h e  a u t h o r .  



.. 
B ~ L L C O M M ,  I N C .  . - 5 -  

(b)  "Angle e f f e c t " :  As t h e  a n g l e  between t h e  
p a r t i c l e ' s  p a t h  and t h e  d i r e c t i o n  of  t h e  
e l ec t r i c  f i e l d  increases,  t h e  spa rk  f o l l o w s  
t h a t  p a t h  w i t h  d e c r e a s i n g  f i d e l i t y :  

(c )  s p a r k  j i t t e r :  A c e r t a i n  amount of  j i t t e r  
( o r  "snaking")  c a n  be  observed  i n  t h e  s p a r k s ,  
t h i s  e f f e c t  s e t t i n g  a lower l i m i t  t o  t h e  
accu racy  of t r a c k  l o c a t i o n  o b t a i n a b l e  i n  
s p a r k  chambers. 

To deal w i t h  t h e s e  problems w e  p ropose  t h a t  Xenon 
f i l l e d  g a s  s p a r k  chambers be t e s t e d .  

While ( a )  c o u l d  be d e a l t  w i t h  by i n c r e a s i n g  t h e  
p r e s s u r e  of t h e  9 0 %  Ne-108 H e  g a s  mix tu res  c u r r e n t l y  used i n  
s p a r k  chambers;  by lower ing  t h e  t empera tu re  of t h e  gas t o ,  s a y ,  
l i q u i d  a i r  t empera tu res ;  o r  by us ing  l i q u i f i e d  gases (5 ) ,  a 
s i m p l e r  approach i s  t o  use  gases  of  h i g h e r  atomic we igh t ,  i n  
t h i s  case X e .  

A f u r t h e r  advantage  o f  X e  ove r  N e - H e  i s  t h a t  i t s  
h i g h e r  d e n s i t y  w i l l  p e r m i t  t h i n n e r  gaps ,  s i n c e  t h e  minimum 
gap  t h i c k n e s s  i s  f i x e d  by t h e  need t h a t  enough e l e c t r o n s  be 
produced by a minimum i o n i z i n g  p a r t i c l e  f o r  t h e  s p a r k i n g  
e f f i c i e n c y  t o  be near  1 0 0 % .  

An es t imate  o f  t h e  magnitude of t h e  improvement t o  
be o b t a i n e d  by u s i n g  X e  f i l l e d  chambers can  be a r r i v e d  a t  i n  
t h e  f o l l o w i n g  manner: I t  i s  found e x p e r i m e n t a l l y  t h a t  f o r  
t y p i c a l  t i m e s  o f  .5p sec de lay  between t h e  pas sage  of a p a r t i -  
c l e  and t h e  a p p l i c a t i o n  of a h i g h  v o l t a g e  p u l s e ,  t h e  e l e c t r o n s  
produced by t h e  p a r t i c l e  w i l l  d r i f t  a d i s t a n c e  of  t h e  o r d e r  of 
.3mm ( i n  t h e  u s u a l  90-10 N e - H e  m ix tu re  used i n  s p a r k  chambers . )  
The measured d r i f t  y i e l d s  a v e l o c i t y  of  %600 m/sec, which a g r e e s  
n i c e l y  w i t h  t h e  Vrms=610 m/sec expec ted  f o r  i d e a l  gas  o f  mass 
1 8 . 4  a t  STP c o n d i t i o n s .  

For  an  i d e a l  gas  of t h e  atomic mass o f  X e ,  Vrms=228 
m / s e c ,  approximate ly  2 . 7  t imes less t h a n  i n  90-10 N e - H e .  Thus,  
a n  improvement i n  t r a c k  l o c a t i o n  of two t o  t h r e e  t i m e s  i s  
e x p e c t e d  i n  X e .  
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Fur thermore ,  s i n c e  t h e  d e n s i t y  o f  X e  i s  seven t i m e s  
l a rge r ,  t h e  s p a r k  chamber gap cou ld  be  made one o r  two m i l l i -  
meters t h i c k  w i t h o u t  l o s i n g  e f f i c i e n c y ,  t h u s  r educ ing  s p a r k  
j i t t e r  and t h e  " a n g l e  e f f e c t "  c o n s i d e r a b l y .  

A factor  i n  t r a c k  l o c a t i o n  accuracy  w e  have n o t  
mentioned i s  t h e  one of  c o r r e l a t i o n  between t h e  s p a r k ' s  l o c a t i o n  
and t h e  c o o r d i n a t e  measured. Measurements on  m a g n e t o s t r i c t i v e  

l i n e s  performed a t  Berke ley  ( 6 )  show t h a t  t h i s  c o r r e l a t i o n  can  be 
made t o  be  no worse t h a n  2 0  microns ( .02mm).  Thus,  w e  are con- 
f i d e n t  t h a t  t h e  improvement i n  s p a t i a l  r e s o l u t i o n  w i l l  be a t  
l ea s t  a f a c t o r  of t h r e e ,  ( t o  t.lmm) , o v e r  p r e s e n t  spa rk  chambers, 
b u t  it i s  of  i n t e r e s t  t o  de te rmine  j u s t  how much t h e  r e s o l u t i o n  
can  be improved w i t h o u t  r e s o r t i n g  t o  t h e  more d r a s t i c  methods 
mentioned above. 

( 2 )  Development of s o l i d  s t a t e  s p a r k  chambers.  

The second approach t o  t h e  problem of t r a c k  l o c a t i o n  
ove r  l a r g e  areas c o n s i s t s  i n  r e p l a c i n g  g a s  s p a r k  chambers by 
l a r g e r  areas of h igh  r e s i s t i v i t y  mater ia ls ,  as o r i g i n a l l y  
proposed by D r .  V. Perez-Mendez of t h e  Lawrence R a d i a t i o n  
Labora tory .  (6) 

The approach c o n s i s t s  i n  u s i n g  a m a t e r i a l  such a s  
9 Cd S ,  w i t h  r e s i s t i v i t y  i n  excess  of  1 0  R - c m ,  which can  be 

d e p o s i t e d  o v e r  l a r g e  a r e a s .  O r i g i n a l l y  i t  was in t ended  t o  
o b t a i n  ava lanche  m u l t i p l i c a t i o n  of t h e  e l e c t r o n s  produced i n  
t h e  mater ia l  by t h e  i o n i z i n g  p a r t i c l e ,  b u t  t h i s  posed some 
problems i n  technology due t o  t h e  s t r i c t  t o l e r a n c e s  imposed 
on t h e  m a t e r i a l  by r e q u i r i n g  such a p r o c e s s  t o  occur  uni formly  
o v e r  l a r g e  areas, b u t  r e c e n t l y  workers  a t  Berke ley  have a t t a i n e d  
a l a r g e  i n c r e a s e  i n  t h e  s e n s i t i v i t y  o f  a m a g n e t o s t r i c t i v e  l i n e  p i ck -  
UP ( 7 )  which now i s  w i t h i n  a f a c t o r  of 1 0  o f  be ing  able  t o  
measure t h e  p o s i t i o n  of p a r t i c l e s  by d e t e c t i n g  t h e  pr imary 
c h a r g e  d e p o s i t e d  on r e l a t i v e l y  t h i c k  l a y e r s  of Cd S ( ~ l m m )  w i t h  
no f u r t h e r  i o n i z a t i o n  by m u l t i p l i c a t i o n .  I t  i s  a l s o  p o s s i b l e  
t o  u s e  t h i n  l a y e r s  ( ~ 1 0  microns)  and t o  t a k e  advantage  of t h e  
photoconduct ing  g a i n  i n  Cd S.  A t  p r e s e n t  e f f o r t s  are c o n t i n u i n g  
a t  Berke ley  t o  improve t h e  s e n s i t i v i t y  o f  t h e  m a g n e t o s t r i c t i v e  
t r a n s d u c e r ,  and a s e a r c h  f o r  mater ia ls  w i t h  t h e  adequa te  
c h a r a c t e r i s t i c s  i s  c o n t i n u i n g .  For i n s t a n c e ,  P r o f e s s o r  Boer a t  
t h e  U n i v e r s i t y  of Delaware i s  convinced of t h e  f e a s i b i l i t y  of 
p r e p a r i n g  a d e q u a t e  l a y e r s  of Cd S ( 8 )  o v e r  large areas. 
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While s o l i d  s ta te  t r a c k  l o c a t i o n  hardware i s  s t i l l  
i n  t h e  c o n c e p t u a l  s t a g e ,  if t h i s  l i n e  o f  r e s e a r c h  i s  s u c c e s s f u l  
w e  w i l l  f i n d  o u r s e l v e s  w i t h  a r e l a t i v e l y  s i m p l e  d e v i c e  t h a t  
c a n  e v e n t u a l l y  p r o v i d e  s p a t i a l  r e s o l u t i o n s  of t h e  o r d e r  of a 
f e w  microns ,  abou t  t e n  t i m e s  b e t t e r  t h a n  t h e  best w e  e x p e c t  
f r o m  s p a r k  chambers, and comparable t o  n u c l e a r  emuls ions .  
These d e v i c e s  would a l s o  be  of consequence i n  t h e  f i e l d  of 
y-ray d e t e c t i o n ,  s i n c e  t h e i r  h i g h  d e n s i t y  would p r o v i d e  
e f f i c i e n t  conve r s ion .  Furthermore,  i n  t h e  case o f  v e r y  h i g h  
ene rgy  y-rays t h e  upper d e t e c t i o n  r ange  cou ld  be pushed t o  
many G e V ,  s i n c e  t h i s  l i m i t  i s  de te rmined  by whether  t h e  opening 
a n g l e  of t h e  conve r s ion  e l e c t r o n - p o s i t r o n  p a i r  c a n  be measured. 

Another advantage  of t h e s e  chambers w i l l  c o n s i s t  
of t h e  e l i m i n a t i o n  of t h e  windows necessa ry  t o  m a i n t a i n  g a s  
p r e s s u r e  i n  s p a r k  chambers used i n  s p a c e ,  and of  t h e  g a s  
p u r i f y i n g  systems necessa ry  f o r  l ong  l i f e  o p e r a t i o n .  

Given t h e  low level  of  funding  n e c e s s a r y ,  (of t h e  
o r d e r  of  $ 2 0 , 0 0 0  e a c h ) ,  i t  appears  des i rab le  t o  s u p p o r t  bo th  
t h e  Xenon s p a r k  chambers and so l id  s t a t e  t r a c k  chamber develop-  
ments ,  s i n c e  under  ce r t a in  c o n d i t i o n s  ( such  as  t h o s e  of  technology 
l i m i t a t i o n s  on t h e  s i z e  of t h e  s o l i d  s t a t e  d e v i c e s ) ,  h y b r i d  
sys tems may become d e s i r a b l e .  

V. HARDWARE COMPLEMENTING THE MAGNETIC SPECTROMETER 

The fo l lowing  i s  a review of c u r r e n t  developments  
i n  h i g h  energy  p h y s i c s  i n s t r u m e n t a t i o n  t h a t  i s  r e l e v a n t  t o  
t h i s  work. A new approach towards t r i g g e r i n g  i s  p r e s e n t e d  
below. 

(1) Charge Measurement Modules: A p o s s i b l e  method 
f o r  c h a r g e  measurement i s  d e s c r i b e d  i n  Reference  9 .  I t  c o n s i s t s  

of measuring dE/dx ( p r o p o r t i o n a l  t o  Z i n  t w o  s o l i d  (or l i q u i d )  
mater ia ls  and t h e  Cerenkov l i g h t  o u t p u t  ( p r o p o r t i o n a l  t o  Z )  i n  
a s o l i d .  By knowing t h e  p a t h  and momentum of t h e  t r a v e r s i n g  
p a r t i c l e ,  and comparing t h e s e  w i t h  t h e  t h r e e  o u t p u t s  mentioned 
above ,  a n  e x c e l l e n t  measure of t h e  cha rge  can  be o b t a i n e d :  k 1  
fo r  low Z ,  + _ 3 ,  or b e t t e r ,  for t h e  h i g h e s t  Z .  Fur thermore ,  
d e t e r m i n a t i o n  of  t h e  i s o t o p i c  composi t ion  of  l i g h t  n u c l e i  should  
be p o s s i b l e .  

2 
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( 2 )  G a m m a  De tec to r s :  There  i s  a v a r i e t y  of  p o s s i b l e  
approaches  t o  measuring t h e  q u a n t i t y  y ( t h e  r a t i o  of p a r t i c l e  
energy  t o  rest mass).  
t r a n s i t i o n  (10)  and r e l a t i v i s t i c  rise'") d e t e c t o r s .  The use  of 
t h e s e  d e v i c e s  would a l l o w  f o r  e a s y  d e t e r m i n a t i o n  of t h e  m a s s  o f  
t h e  p a r t i c l e s  of i n t e r e s t .  

The most promis ing  a re  t h e  development o f  

It  i s  n o t  clear whether  gamma-detectors can  be  b u i l t ,  
o r  whether  t h e y  w i l l  be  e f f i c i e n t  and conven ien t  enough f o r  
s p a c e  a p p l i c a t i o n ,  b u t  it i s  c e r t a i n l y  v a l u a b l e  t o  fund 
f e a s i b i l i t y  s t u d y  p r o j e c t s  a t  t h i s  t i m e .  
t h a t  s t e p s  be t a k e n  t o  a s s u r e  t h a t  s t u d i e s  of  t h e  energy  
l o s s e s  of  u l t r a r e l a t i v i s t i c  pa r t i c l e s  i n  mater ia ls  c a n  be 
con t inued  a t  a n  a p p r o p r i a t e  p a c e .  

It  i s  a l so  i m p o r t a n t  

( 3 )  T r i g g e r i n g :  During o p e r a t i o n  of t h e  f a c i l i t y  
i t  i s  of i n t e r e s t  t o  select  e v e n t s  above a c e r t a i n  energy .  
For  t h i s  purpose  t h e  m o s t  o f t e n  mentioned approach i n v o l v e s  
t h e  use  of  g a s  Cerenkov coun te r s .  These d e v i c e s  are bu lky ,  
have a narrow s o l i d  a n g l e  accep tance ,  and g a s  p r e s s u r e s  have 
t o  be  r e g u l a t e d  c a r e f u l l y .  

W e  p ropose  t o  e l i m i n a t e  t h e  need f o r  gas  Cerenkov 
c o u n t e r s  by a system of some 70 s c i n t i l l a t o r s  deployed around 
t h e  o u t e r  r i n g  of  t r a c k  chambers (see F i g .  1) .  To minimize 
t h e  r equ i r emen t s  on t h e  f a s t  l o g i c  e l e c t r o n i c s  w e  p ropose  
t h e  fo l lowing  system: Each s c i n t i l l a t o r  t r i g g e r s  a f i x e d  
v o l t a g e  p u l s e r  w i t h  an  o u t p u t  Vn = kn + b ,  where n i s  t h e  
number a s s o c i a t e d  w i t h  each p l a s t i c  s c i n t i l l a t o r  and k and 
b are  c o n s t a n t s  t h a t  can  be  chosen f o r  convenience.  The 
w i d t h  o f  t h e  p u l s e  would be chosen f o r  t h e  d e s i r e d  t i m e  
r e s o l u t i o n ,  1 0  n sec  be ing  a conven ien t ly  e a s y  t o  a c h i e v e  
number. 

L e t  u s  s a y  w e  have 7 2  c o u n t e r s ,  and t h a t  n va r i e s  
from 1 t o  37 a long  each s e m i c i r c l e  of c o u n t e r s .  L e t  u s  now 
assume t h a t  t h e  p a r t i c l e s  of i n t e r e s t  are t h e  ones t h a t  bend 
so t h a t  once t h e y  go through one c o u n t e r  t h e y  are  t o  go th rough  
t h e  d i a m e t r i c a l l y  o p p o s i t e  coun te r  o r  e i t h e r  of  i t s  t w o  ne ighbours .  

i s  e a s y  t o  see t h a t  t h e  d e s i r e d  e v e n t s  w i l l  have an  o u t p u t  V 
such  t h a t  (37k + 2b) s V ,< (39b + 2 b ) .  Thus,  a s i n g l e  channe l  
p u l s e  h e i g h t  a n a l y z e r  set  t o  a c c e p t  (36.53.. + 2b) 6 V 6 (39.5k 
+ 2b) w i l l  p r o v i d e  a n  a c c e p t a b l e  t r i g g e r .  

Then, i f  t h e  o u t p u t s  of  a l l  c o u n t e r s  are summed, i t  
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T o  minimize t h e  problem of random p u l s e s  due t o  
background, t h e  c o u n t e r s  can  be organized  i n  groups ,  each group 
ove r l app ing  i t s  neighbours  by one c o u n t e r .  Th i s  w i l l  minimize 
i n t e r f e r e n c e  from a c c i d e n t a l  t r i g g e r s .  

The same approach can be  t aken  w i t h  t h e  o u t p u t s  of 
t h e  Cerenkov o r  dE/dx coun te r s  i n  t h e  cha rge  d e t e c t i o n  module, 
t h u s  minimizing random coinc idences .  

W e  f e e l  a system such as t h i s  w i l l  p rov ide  f o r  a 
f a s t  and s imple  t r i g g e r  system. 

( 4 )  E l e c t r o n i c s :  The advent  of i n t e g r a t e d  c i r c u i t r y  
has produced a t h i r d  g e n e r a t i o n  of computers t h a t  a r e  ex t remely  
compact. These computers ,  t i e d  t o  computer -cont ro l led  f a s t -  

l o g i c  c i r c u i t r y  (12) and compact d i g i t i z i n g  systems f o r  t r a c k  
chamber r eadou t  ( 1 3 )  , w i l l  a l low f o r  a reasonably  s m a l l  and 
v e r s a t i l e  e l e c t r o n i c  system. The o n - l i n e  p a r t i a l  r e d u c t i o n  
of d a t a  w i l l  r educe  t o  a c c e p t a b l e  l e v e l s  t h e  in fo rma t ion  t h a t  
w i l l  need t o  be s t o r e d  and t e l eme te red .  

W e  feel  t h a t  p r e s e n t  advances i n  t h e  f i e l d  of 
i n t e g r a t e d  c i r c u i t  computers and l o g i c ,  and h igh  d e n s i t y  
d a t a  s t o r a g e  sys tems,  a l l o w  the  needs of t h e  d e s c r i b e d  space  
f a c i l i t y  t o  be s a t i s f i e d  w i t h  t o d a y ' s  technology.  F u t u r e  
developments w i l l  on ly  improve t h i s  s i t u a t i o n .  

V I .  AREAS I N  NEED OF FURTHER STUDY 

(1) Cryogenic System: Whi l e  w e  do n o t  e x p e c t  any 
major d i f f i c u l t i e s  i n  t h e  c o n s t r u c t i o n  of a n  a p p r o p r i a t e  
l i q u i d  helium l i q u i f i e r ,  w e  feel t h a t  some of t h e  i n d u s t r i a l  
concerns  w i t h  e x p e r t i s e  i n  t h i s  a r e a  should  be approached f o r  
t e n t a t i v e  d e s i g n s .  A sma l l  p ro to type  should be t e s t e d  a s  soon 
a s  f e a s i b l e .  

The development of t h i s  l i q u i f i e r  w i l l  be  of con- 
sequence t o  NASA a c t i v i t i e s  o t h e r  t han  t h e  h igh  energy p h y s i c s  
programs, s i n c e  w e  expec t  t h a t  t h e  need f o r  l i q u i d  helium 
f o r  prolonged t i m e s  w i l l  a r i se  i n  connec t ion  wi th  o t h e r  
programs. 

( 2 )  S p a c e c r a f t  Design: A s  mentioned i n  Reference 1, 
w e  e x p e c t  t h e  C o s m i c  Ray and High Energy Phys ic s  F a c i l i t y  t o  
be p a r t  of a f ree  f l y i n g  module, whether a space  s t a t i o n  
e x i s t s  a t  t h e  t i m e  o r  n o t .  
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The r e a s o n s  a r e  t h e  fo l lowing :  

(a )  The presence of t h e  magnet w i l l  create a 
t o r q u e  t h a t  i n  a l o w  i n c l i n a t i o n  o r b i t  w i l l  
r e a c h  6 6 0  f t - l b  a t  a r a d i u s  o f  6700  km. 
T h i s  t o rque  may i n t e r f e r e  w i t h  space  s t a t i o n  
o p e r a t i o n s  t h a t  r e q u i r e  f i n e  p o i n t i n g .  

(b)  The s t r a y  magnet ic  f i e l d  c o u l d  create a 
haza rd ,  s i n c e  i n  t h e  f r e e  f a l l i n g  envi ron-  
ment f e r romagne t i c  materials w i l l  t e n d  t o  
d r i f t  towards t h e  magnet. 

( c )  The e l e c t r o m a g n e t i c  n o i s e  o u t p u t  of t h e  
h i g h  v o l t a g e  hardware may i n t e r f e r e  w i t h  
s e n s i t i v e  equipment i n  t h e  s t a t i o n .  

O f  c o u r s e ,  t h e  f a c i l i t y  could  be  attached t o  t h e  space  s t a t i o n  
i f  adequa te  magnet ic  and r f  s h i e l d i n g  w e r e  p rov ided ,  and i f  
t h e  o r b i t  were r a i s e d  t o  a n  a l t i t u d e  such t h a t  t h e  magnet ic  
t o r q u e  (which decreases w i t h  t h e  cube of t h e  o r b i t  r a d i u s )  i s  
d e c r e a s e d  t o  a v a l u e  such  t h a t  i t  can  be handled  w i t h o u t  undue 
f u e l  e x p e n d i t u r e s .  A d e t a i l e d  s t u d y  w i l l  be  needed t o  de te rmine  
t h e  p e n a l t i e s  imposed on  a space s t a t i o n  by a f a c i l i t y  such as 
t h e  one d e s c r i b e d  p r e v i o u s l y .  I t  shou ld  be k e p t  i n  mind t h a t  
c o n t i n u o u s  manned a s s i s t a n c e  is  n o t  c o n s i d e r e d  n e c e s s a r y  f o r  
t h i s  f a c i l i t y .  

( 3 )  While w e  do not  e x p e c t  any problems i n  t h i s  r e s p e c t ,  
some of t h e  r equ i r emen t s  on t h e  module shou ld  be  s t u d i e d  a t  t h i s  
t i m e :  t h e  s t r ic tes t  w i l l  be p l a c e d  on d imens iona l  and t empera tu re  
s t a b i l i t y .  R e l a t i v e  d i sp lacemen t s  o f  t h e  t r a c k  chambers w i t h  
r e s p e c t  t o  each  o t h e r  and t h e  magnet should  n o t  v a r y  more t h a n  
LO microns  ove r  6 meters. To avo id  changes i n  t h e  dimensions of 
t h e  chambers themselves  t h e  tempera ture  w i l l  have t o  be s t a b i l i z e d  
t o  w i t h i n  a few d e g r e e s .  

V I I .  CONCLUDING REMARKS 

If a t i m e l y  program i n  cosmic r a y  and h i g h  energy  
p h y s i c s  s t u d i e s  i s  t o  be a NASA g o a l  w e  shou ld  now encourage 
t h e  development of t h e  necessa ry  hardware.  The cost of t h i s  
i n i t i a l  s t e p  w i l l  b e  minimal ,  and  no l a r g e  e x p e n d i t u r e s  are  
expec ted  u n t i l  a c t u a l  c o n s t r u c t i o n  of t h e  f a c i l i t y  s t a r t s .  A 
v i g o r o u s  program of manned o r b i t i n g  o p e r a t i o n s  w i l l  be  n e c e s s a r y  
t o  p r o v i d e  v e r s a t i l i t y  and t h e  u s e f u l  l i fe t ime t h a t  must go  w i t h  
a p r o j e c t  of t h i s  dimension.  
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W e  should n o t  l o s e  s i g h t  of t h e  f a c t  t h a t  what w e  
propose i s  a program, and n o t  a set of measurements. A s  such ,  
it w i l l  be  a program t h a t  must be i n t e g r a t e d  w i t h i n  t h e  over-  
a l l  e f f o r t  i n  t h i s  area of s c i ence .  

The cost  of ha rness ing  t h e  " f r e e  accelerator i n  t h e  
sky" w i l l  be  comparable t o  t h a t  of b u i l d i n g  a s t o r a g e  r i n g  a t  
t h e  Na t iona l  A c c e l e r a t o r  Laboratory.  S ince  t h e  t echn iques  of 
h igh  energy p h y s i c s  are common t o  t h e  d e t e c t i o n  of p a r t i c l e s  
whether they  a r e  produced by a c c e l e r a t o r s  o r  cosmic e f f e c t s ,  
it w i l l  be t o  t h e  p r o j e c t ' s  advantage t o  make as  much use  a s  
p o s s i b l e  of t h e  e x p e r t i s e  and f a c i l i t i e s  a l r e a d y  e x i s t e n t  a t  t h e  
major n a t i o n a l  l a b o r a t o r i e s .  The a l t e r n a t i v e ,  t o  develop i n -  
house f a c i l i t i e s ,  w i l l  be  a c o s t l y  one .  

Once t h e  d e c i s i o n  is  made t o  embark on a program of 
t h e  type  d e s c r i b e d  i n  Reference 1, t h e n  l e a d i n g  members of  
t h e  h igh  energy phys ic s  community, t h e o r i s t s  as  w e l l  as  e x p e r i -  
m e n t a l i s t s ,  should be  involved i n  t h e  d e s i g n  and c o n s t r u c t i o n  
of t h i s  f a c i l i t y .  

1015-LK-rghe L#-. L. K ufm 
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Appendix: A T e n t a t i v e  T i m e  Phased 
Development Program 

1 9 6 9 :  G o  - N o  G o  Decis ion  

Fund B a s i c  Hardware Study and Appoint HEP ti CR Panel  
Development 

Superconduct ing Magnets 
Track Chambers 
Cryogenic  Systems 
S p a c e c r a f t  Requirements 
Gamma D e t e c t o r s  and Implementat ion fleans 
Other  D e t e c t o r s  

S t a r t  of Study on Goals  

I 

J- 
1 

1 9 7 1 :  Design Parameters are Narrowed 

4 
Mini-system ( s m a l l  supercon-  B i d s  on hardware con- 

d u c t i n g  magnet and small 
t r a c k  chambers) i s  tes ted 
i n  o rb i t  (Automated payload 
o r  Dry Work Shop) 

s t r u c t i o n  a re  r e q u e s t e d  

J 
.L 

1973: 

1975: 

Hardware C o n s t r u c t i o n  S t a r t s  

A c c e l e r a t o r  T e s t i n g  of Components S t a r t s  

J. 

System Tes ted  on Cosmic Ray 
I4uons and A c c e l e r a t o r  

J- 

Launch 1976: 
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